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Nanoparticle patterning for biomedicine
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Nano and microparticles have long been used 
in experimental and clinical medicine and 
particularly for therapeutic, diagnostic and 

theranostic purposes.1 For instance, the diagnostic 
applications of polymeric particles goes back to mid-1950s 
with the invention of latex particle immunoagglutination 
tests, based on surface modification of polystyrene particles 
with antibodies.2 Today, the availability of different 
particle types together with advances in sophisticated 
surface engineering methodologies and characterization 
procedures is increasing multifunctionality of the 
particulate systems.1 As such, these innovations are 
also being applied as functional tools for fundamental 
understanding of dynamic and multifaceted cellular events 
and molecular processes that contribute to pathogenesis 
of many diseases. 
In line with the above developments, significant advances 
are being made in assembling and positioning of 
nanoparticles for construction of complex and higher-
order functional structures on different substrates. 
Controlled positioning of nanoparticles may be achieved 
either in pre-defined templates fabricated by top–down 
approaches or through self-assembly and/or backfilling.3–9 

For instance, a recent study reported on the spontaneous 
formation of ordered gold and silver nanoparticle stripe 
patterns on de-wetting a dilute film of polymer-coated 
nanoparticles floating on a water surface.4 Transferring 
nanoparticles from the floating film onto an appropriate 
substrate resulted in the formation of aligned stripe 
patterns with tunable orientation, thickness and 
periodicity at the micrometer scale.4 Our own approach 
have focused in spontaneous formation of ordered 
patterns from binary mixtures of polymeric nanoparticles 
of different sizes and surface chemistry resulting in 
either hexagonal or cubical arrangements with multiple 
periodicities and regular spacing over micrometer scales 
on a hydrophobic surface (Fig. 1A&B).3 These patterned 
structures have remained stable under a number of 
different media. The mechanisms are poorly understood, 
but presumably entropy driven, optimizing space, 
however, a capillary flow phenomenon together with water 
evaporation may be a key contributing factor. Depending 
on the nanostructure properties and make up, water 
evaporation may even generate electricity.10 Nevertheless, 
these developments could allow for further manipulation 
of surface structure and chemistry, thereby opening the 
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Article Info Summary
Nanoparticles are being used for construction of complex and higher-order functional structures 
and metamaterials with applications in nanophotonics, information storage and biomedicine, to 
name a few. These innovations are briefly discussed within the context of future diagnostic and 
nanomedicine platform technologies and their possible self-assembly in vivo. 
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path for design and engineering of sensor implants and 
stimuli-sensitive architectures for combination drug 
release with variable rates. Other applications may include 
studying interfacial phenomena (e.g., differential protein 
adsorption and complement activation turnover), design 
of high-performance and ultra-sensitive enzyme-linked 
immunosorbent assays and tissue engineering, such 
as promoting regulated cell adhesion patterning (e.g., 
through topographic and chemical structuring).11,12

In a separate attempt, nanospheres were spontaneously 
deposited in a patterned manner on the surface of a 
microsphere (Fig. 1C).13 Such systems have the potential 
to act as multi-antigen depot platform adjuvants. For 
instance, different nanospheres may carry different 
antigens, where both nanosphere and antigen release rates 
may be controlled by microenvironmental stimuli and/
or external signals. Here, systems multifunctionality may 
further modulate dendritic cell responses.
Finally, approaches and strategies that will allow 
formation of desirable patterns from combinations 
of inorganic, organic and composite nanoparticles of 
different size, shape and surface characteristics and 
excellent scalability will surely enhance innovations in 
metamaterial development, nanophotonics, information 
storage and biomedicine. With respect to biomedicine, a 
grand challenge, however, is how to promote spontaneous 
pattern formation of desirable properties, periodicity and 

dimensions on biological surfaces in vivo (e.g., within 
interstitial spaces, peritoneal cavity or the oral cavity) on 
nanoparticle administration for therapeutic, diagnostic and 
sensing applications. We know from in vitro experiments 
that surfactant-coated polystyrene nanoparticles, 
and depending on the surfactant concentration, can 
form highly ordered geometrical platforms.14 In the 
intestine, orally delivered nanoparticles are exposed to 
bile surfactants. Therefore, possible interaction of these 
natural surfactants with nanoparticles may incite local 
patterning, thereby modulating nanoparticle motion, 
bacterial adhesion, processing and functionality. Some 
evidence, however, suggests that nanoparticle patterning 
could occur intracellularly, such as in lysosomal 
compartments (Fig. 2), but the mechanisms and the 
driving forces remain unknown. However, the mode and 
the extent of nanosphere ingestion, as well as lysosome 
size and volume, may play a significant role in lysosomal 
packaging order and most likely with stochastic outcome. 
Depending on nanoparticle type, shape and composition, 
such intracellular compartmental patterning may play 
an important role in nanoparticle stability, the rate of 
degradation and the extent of drug release. An intriguing 
possibility would be if different pattern formation could 
modulate lysosomal functionality differently. These issues 
deserve detailed investigation.

Fig. 1. Scanning electron micrographs and fast Fourier transform (FFT) analysis of platform arrays assembled from polymeric nano and 
microspheres. (A) Two component lattice from mixtures of sulfated polystyrene nanoparticles of 350 nm and 60 nm showing square 
arrangement for larger nanoparticles (left); reciprocal lattice, FFT (middle); overlap integral showing ~90° between the peaks (right). (B) 
Two component lattice from mixtures of sulfated polystyrene nanoparticles of 350 nm and 60 nm showing hexagonal arrangement of larger 
nanoparticles (left); reciprocal lattice, FFT (middle); overlap integral showing ~60° between the peaks (right). (C) Self-assembly of surface 
functionalized polystyrene nanospheres of 350 nm on a 6 µm microsphere (left); a magnified view of microsphere curvature with deposited 
nanospheres in a hexagonal arrangement (right). Modified with permission.3,13
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Fig. 2. An electron micrograph of a rat interstitial macrophage 
lysosome. The lysosome contains some ordered arrangement 
of randomly ingested polystyrene nanospheres (60 nm) by the 
macrophage. Nanospheres were injected subcutaneously into the 
rat footpad. Nanospheres are positioned in a monolayer format 
close to the edge of the inner portion of the lysosome membrane. 
In the upper left section, a second layer of nanospheres is 
emanating; this spiral into a cluster where hexagonal-pentagonal 
packing arrangements are visible. 


